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Abstract 
Overhead transmission lines are always covered by ice in freezing weather. It’s difficult to know about the icing 
condition of the lines because they usually have large area-span. They will be stretched under the combined action of 
conductor quality, wind force and ice-covering. This paper deduces the relationship of conductor-weight ratio, ice-
weight ratio, wind-pressure ratio and conductor length, and proposes a novel thickness detection method of ice 
covering on overhead line. This method uses travelling wave location equipments to collect travelling wave signal 
which a circuit breaker generates. The signal’s arrival time is detected by Hilbert-Huang Transformation. Then the 
length of the line can be calculated. Finally, the average thickness of ice covering on transmission line would be 
calculated by using the formula of the relationship between comprehensive conductor load ratio and ice thickness. 
Simulation results indicate that the method can effectively calculate the average thickness of ice covering on line. It 
provides important reference for power workers to know about the icing condition promptly. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Ice-covering phenomena of overhead transmission lines always cause many serious accidents, such as 
short-circuit, grounding, wire breakage, tower toppling, flashover, communication interruption and etc., 
which greatly threate power grid [1].
In order to know about the condition of ice covering on transmission lines timely and take measures to 
prevent accidents caused by ice disaster, some methods about monitoring icing condition of transmission 
lines had been studied at home and abroad. Papers [2]-[8] introduce on-line icing monitoring systems of 
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overhead transmission lines. They need to install many monitoring devices and have to increase more 
investment. 
Currently, travelling wave fault location system for power grid has been used [9]. It collects transient 
travelling wave signal by travelling wave devices installed in substations, then calculates the fault 
position. This paper makes full use of these location devices and proposes a method, which is based on a 
re-closure transient travelling wave, to measure ice thickness covering on transmission line. By operating 
a re-closure and making circuit breaker contact opened (or closed) to generate a transient travelling wave 
signal, the location devices collect it, and detect the arrival time of travelling wave by HHT. Then the 
length of iced line can be measured. Finally, the ice thickness could be calculated by the formula of 
relationship between the ice thickness and the comprehensive load ratio of line. 
2. Relationship between conductor load ratio and ice thickness 
2.1.  Deduction of relationship between conductor load ratio and ice thickness 
The conductor load ratio is the conductor’s load per length (km) and per cross-sectional area (mm2). It 
includes conductor-weight ratio 1γ , ice-weight ratio 2γ  and wind-pressure ratio 3γ , which are given as 
follows [8-10]:
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In formula (1), m is the conductor quality per length (kg/m); S is the conductor cross-sectional area 
(mm2); b is the average ice thickness of the iced conductor (mm); d is the conductor diameter (mm); a  is 
the asymmetry-coefficient of wind velocity; C is the shape-coefficient of wind load; v  is the wind 
velocity (m/s). 
According to formula (1), the compressive conductor load ratio is deduced as: 
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Then the formula of relationship between average conductor ice thickness and compressive load ratio is 
given as follow: 
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2.2.  The length-state-formula of iced conductor 
In engineering application, the conductor-length equation, deduced from catenary equation, could 
calculate the length accurately. When the two conductor hanging points, which are hanged on power 
towers, have same height, the line length is obtained from the following formula [11].
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In formula (4), l  is the distance of two adjacent towers; zδ  is the horizontal stress of the lowest 
position of the conductor corresponding to the meteorological conditions. 
Supposing L1 is the length of a line between two adjacent towers when the air temperature is 1τ , wind 
velocity is v1, and the average ice thickness of line is b1; L2 is the length when the air temperature is 2τ ,
wind velocity is v2, and the average ice thickness is b2. The relationship of L1 and L2 is given by: 
2 1 2 1 2 1[1 ( ) ( ) / ]L L Eα τ τ σ σ= + − + −                                                                (5)
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In the formula, E  is the conductor elastic coefficient; α  is the expanding temperature coefficient of a 
conductor; iσ (i=1, 2) is the corresponding horizontal stress of the conductor’s lowest position. 
2.3. Equivalent simplification of multiple-arch transmission line 
An arch is the transmission line which connects the two adjacent power towers. Generally, a multiple-
arches transmission line, connecting two adjacent substations, has more than two arches whose length is 
often different from other ones, and the height of each conductor hanging point on the power tower is 
usually different. In order to analyze conveniently, it is necessary to simplify a multiple-arches 
transmission line, which includes more than two arches, to a simple line which has only one arch. This 
line just connects with two power towers, and the two conductor hanging points on the towers have the 
same height. 
Supposing an overhead transmission line, connecting with two adjacent substations, includes more than 
two different arches (the part connecting a bus with an adjacent substation is recognized as an arch too). 
The number of the arches is N. The distance between two adjacent conductor hanging points is ix ; the 
length of corresponding lines is iy ( i =1, 2, …, N).Then the distance of the simple equivalent line’s two 
conductor hanging points is defined as dx; the length of the line is defined as dy.
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3. Detection principle of transmission line’s icing condition based on a re-closure transient 
travelling wave 
3.1. Detection of transient travelling wave 
Hilbert-Huang Transform (HHT) is a novel and powerful method recently proposed for analyzing non-
stationary and nonlinear signals [11-15]. It is applied to detect the signals effectively. Intrinsic mode 
functions (IMF) of travelling wave x(t) are extracted by Empirical Mode Decomposition (EMD). Hilbert 
transform (HT) makes the first intrinsic mode function transformed, which includes most high-frequency, 
and an analytical function will be built. Then by analyzing the instantaneous frequency function of the 
analytical function’s phase, the arrival time of travelling wave can be determined by detecting the 
instantaneous frequency. The theory of Hilbert-Huang Transform (HHT) is introduced as follows. 
Set x1(t) as the first IMF by EMD, its corresponding Hilbert Transform is defined as follow. 
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The instantaneous frequency represents the frequency characteristics of a wave signal, and it can detect 
the arrival time of the travelling wave front. 
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3.2. Calculation of overhead transmission lines ice thickness 
3.2.1 Measurement of iced line length 
Iced transmission line will be stretched under the comprehensive conductor load ratio. By operating a 
re-closure and making the circuit breaker contact opened (or closed), a transient travelling wave signal is 
generated and transmits through all the lines. It will be collected by travelling wave location equipments 
installed in substations. The arrival time of travelling wave front can be recorded, and then the length of 
iced transmission line will be calculated. Supposing the wave arrival time was respectively recorded as 1t
and 2t  by two devices which were installed in two different substations, then the icing length iceL  can be 
calculated as follow: 
2 1( )iceL v t t= × −                                                                        (7)
3.2.2 Calculation of transmission line ice thickness 
Supposing uL  represents an un-iced line’s length measured by travelling wave, iceL  represents its 
corresponding icing length. According to formulae (4), (5) and (7), the comprehensive conductor load 
ratio zγ  can be calculated, and then the average ice thickness will be obtained by using formula (3).   
The calculation process of overhead line's average ice thickness is showed as following flowchart. 
Fig.1. Average ice thickness calculation flowchart 
4. Simulation and Analysis 
A model of 500 kV overhead transmission lines is established to simulate with ATP/ EMTP. The lines’ 
model adopts a distributed parameter model (J. Marti Model) which considers the effect of frequency-
change, and the collecting frequency is 10 MHz. The equivalent configuration of transmission lines, 
which is simplified equivalently, is shown in figure 2. The conductor type of transmission lines is 4×LGJ-
300/50, the diameter is 24.26mm and the unit quality is 1210kg/km. When the temperature is 20 
centigrade and the wind velocity is 2m/s, which are recognized as initial weather condition, the length of 
the line is marked in Figure 2. 
Fig.2. Equivalent configuration of transmission Lines 
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The line BC and CD are taken as simulating objects. Supposing the current weather condition as 
follows: For line BC, the temperature is 10 centigrade, the wind velocity is 5m/s; For line CD, the 
temperature is -2 centigrade, the wind velocity is 3m/s, and the average ice thickness of iced line CD is 
2mm. The other lines locate at initial weather condition. By manipulating a re-closure and making the 
circuit breaker contact k acted, a transient travelling wave is generated and transmits along the lines. The 
arrival wave signal is collected by location devices in Substation B, C and D. Their images are depicted in 
figure 3.  
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Fig.3. Travelling wave of power substation B, C and D 
When the collected signal was decomposed by EMD into a series of IMFS, Hilbert transform can be 
carried out on the first IMF to get a function of instantaneous frequency. Its time-frequency figures of 
corresponding travelling wave are displayed in figure 4. 
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Fig.4. Time-frequency figures of corresponding travelling wave by HHT 
According to figure 4, the arrival times of transient travelling wave, which are detected in substation B, 
C and D, are 0.133ms, 0.4819ms and 0.8905ms orderly. Then the length of transmission line is measured, 
and the average ice thickness can be calculated by using formula (3). The results are showed in Table 1. 
Table 1 Simulation and calculation results of transmission lines’ icing condition 
Transmission 
lines
Average ice 
thickness
given(mm) 
Line-length 
calculated by 
theory (km) 
Line-length 
measured by 
travelling wave 
(km) 
Average ice 
thickness
calculated
(mm) 
Relative error 
of line-length 
(%) 
Absolute error of 
average ice 
thickness (mm) 
BC 0 104.65 104.70 1.127×10-7 0.048 1.127×10-7
CD 5 122.50 122.58 5.153 3.06 0.152 
The results above show that the method studied in this paper can effectively calculate the average ice 
thickness which reflects well the icing condition of overhead transmission line, and the error is small. 
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5. Conclusion 
This paper proposes a method to detect the icing condition of overhead transmission lines based on a 
re-closure transient travelling wave. It uses travelling wave location equipments, which were installed in 
substations, to collect travelling wave signals. The arrival time of transient travelling wave signal can be 
detected by Hilbert Huang Transformation accurately, and the length of transmission line can be 
measured effectively. Finally, the average ice thickness of line could be calculated by using the formula 
of the relationship between the compressive conductor load ratio and the thickness of ice covering on line. 
Simulation results indicate that: 
(1) The arrival time of a re-closure transient travelling wave signal can be detected accurately by HHT, 
and then the length of iced line can be calculated effectively; 
(2) The method can calculate the average ice thickness of iced line effectively and timely. It provides 
important reference for power workers to promptly know about the icing condition of overhead 
transmission lines; 
(3) The method is suitable for any power system with travelling wave fault location system. 
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